The aim of the research was to determine changes in the elemental composition of concrete under the influence of exposure to hydrogen sulphide in the existing sewage system. The system operator pointed to significant problems with odours in this system. The research included a fragment of the pressure sewage system. The concentration of gases: hydrogen sulphide, ammonia and methane was measured in selected wells. High concentrations of hydrogen sulphide (over 200 ppm) were recorded in the studies. Concrete samples were taken from the internal walls of the well for testing. The samples were used for a microscopic analysis of their composition, using an electron microscope with an EDS attachment. Also, concrete samples from a new sewage well were tested to compare their elemental composition. Gas measurements confirmed the problem of odors, while the analysis of the elemental composition showed a significant proportion of sulphur (from 7.53% to 42.9%) on the surface of the well compared to the reference sample (0%).
INTRODUCTION
Biocorrosion is a well-known and frequently occurring problem of many sewage systems in Poland and abroad. Restricted water use and local water recycling results in increased hydraulic retention time of sewage in sewers [1] . The German standard DIN EN 1671 [2] states that the sewage retention time in the pumping station should be maximum 4 hours. Meanwhile, according to PN-EN 1671 [3] the total time of sewage retention in the sewage system (from the place of its origin to the sewage treatment plant) should not exceed 8 hours. In practice, retention times can reach 95.7 hours [4] and even 595h [5] , in individual delivery sections. Long retention times in the system result in dissolved oxygen depletion and anaerobic conditions. Anaerobic transformations in the biofilm generate gaseshydrogen sulphide and ammonia. Hydrogen sulphide diffuses from the biofilm into the wastewater, with which it is further transported to the expansion well or pumping station, where it is released into the atomsphere. It then dissolves in moisture on the internal walls and is oxidized by bacteria oxidizing sulphur to sulphuric acid, which causes sulphate corrosion of the concrete elements of the system. Conditions under which sulfate corrosion occurs [6] :  low oxygen concentration, below 1 mg/l or anaerobic conditions,  dampness in the walls of the well and pumping station,  wastewater pH <8,  time of sewage retention in the pressure conduit longer than 0.5h,  concrete pH below 9 [7] .
The chemical composition of cement determines the resistance of concrete to corrosion. Concrete corrosion is a degradation of the cement mortar that forms it [8] . Tabel 1 shows the content of oxides in Portland cement. 
MATERIALS AND METHODS
The town covered by the research is located in the West Pomerania province. It is characterized by scattered housing. The tested pumping stations are of local character and cover from several to several dozen inhabitants. This leads to pump stops of a few hours and residual sewage in the pumping station chambers and pressure pipelines. A diagram of the system covered by the research is shown in Fig. 2 .
The tests were carried out in February 2019. Samples of corroded concrete were taken from the internal walls of wells at two different heights. First sample ca. 0.5m below the ground -close to the manhole. Second sample ca. 1.2 m below the ground. The well layout with the sampling sites is shown in Fig. 1 . The concrete samples were dried and then subjected to microscopic analysis. For comparison, concrete samples from a new sewage well made of C35/45 concrete were also tested. 
RESULTS AND DISCUSSION

 Concentration of gases
A measured concentration of gases is shown in table 2.
The tests were carried out in the winter season. Random instantaneous measurements were made. High concentrations of hydrogen sulphide (from 0 to over 200 ppm) and ammonia (from 12 to over 300 ppm) were observed, which indicates odor problems and possible sulphate corrosion in the system. The EW2 well also showed the presence of methane, which is formed in the process of fermentation in the biofilm and sediments deposited in the sewage system. The high concentration of hydrogen sulphide and the presence of methane mean that there is a significant oxygen deficiency in the pipeline and that the sewage remains in the pipe for a long time. Ferrox was dosed into well P3 to reduce odor concentrations. In the pumping station itself, instantaneous measurements showed no hydrogen sulphide and only 12 ppm of ammonia. Meanwhile, in the expansion well, where the sewage from the P3 and P2 pumping stations (where Ferrox was not used), gas concentrations were very high -over 200 ppm. Since significant gas concentrations have been observed in pumping station P2, it is concluded that this system is responsible for the tested concentrations of hydrogen sulphide and ammonia in EW2. Table 3 presents the results of the elemental composition analysis of all tested samples. The EDS analysis showed that the main component in the tested concrete sample is oxygen (50.43%), followed by calcium (19.07%), silicon (14.7%) and carbon (10.27%). Other elements, such as aluminum, potassium, sodium and magnesium, are present in much smaller quantities.
 Microsocpe analysis -concrete from the studied network Measurement results (Table 3) indicate that oxygen has the highest share in all wells at both depths (from 46.20% to 56.63%) and a relatively low variability of results (standard deviation from 0.21% to 6.61%). In the EW1 well, a marked variability in the distribution of elements at different depths was observed. The sample taken 0.5m below the ground is characterized by a higher amount of calcium (21.4% to 7.2%) compared to the sample taken 1.2m below the ground, with more sulphur (17.9% to 12.35%), a higher amount of silicon (5.5% to 1.5%) and much less carbon (3.3% to 29.2%). In the P3 well in the shallow sample, there is more silicon (16.70% to 2.47%) and less carbon (7.63% to 33.23%). In each of the studied wells, a greater share of coal occurs at the greater depth of sampling compared to the samples taken at a depth of 0.5 m. In the wells studied, a high proportion of oxygen (from 28.1% to 51.42%), calcium and sulphur was observed. Sulphur does not occur in the new concrete, while in corroded wells its share ranges from 7.53% to 42.9%. Silicon also has a significant share (from 0.4% to 14.7%). In the new well, the amount of silicon is higher than in corroded ones (14.7% to 4.75%, 9.58%, 0.4% and 2.83% (Table  4 ). Other elements are present in trace amounts. According to the standard [10] and table 1 [9] , sulphur compounds should be expected at a level not exceeding 4.5% in fresh concrete. No sulphur compounds were found in the tested sample from the new well. Meanwhile, in research by Stryszewska and Stanaszek-Tomal [12] the samples of corrosive sediments contained from 1.35% to 15.6% sulphur, while in most trials this value was above 10%. The results presented in Table 3 indicate that in all the samples from corroded wells, the amount of sulphur is greater than 4.5%, and up to even 42.9%. Fig. 9 shows the correlation between the amount of sulphur observed in the concrete samples and the concentration of hydrogen sulphide in the air. It was assumed that the H2S concentration in the EW2 well was 200 ppm. For this assumption, the value of the correlation coefficient is approx. 0.5.
CONCLUSIONS
1.
The tests showed clear differences in the elemental composition of concrete samples from the new well and from the existing system. First of all, there are no sulphur compounds in the new well, and the share of sulphur in the examined system ranged from 7.53% to 42.9%. 2. A weak correlation was found between the amount of sulphur on the concrete surface and the concentration of hydrogen sulphide in the air. 3. A smaller amount of silicon and a larger amount of carbon in corroded wells were observed. 4. A high amount of carbon can be associated with the process of concrete carbonization. A significant amount of sulphur indicates possible reactions of concrete with sulphuric acid, which is associated with strong exposure of well walls to hydrogen sulphide, and consequently causes sulphate corrosion. 5. In P3 well the amount of sulphur is the smallest which can be related to the dosage of Ferrox, which inhibits the formation of hydrogen sulphide.
